We extend the Explicit Jump Immersed Interface Method (EJIIM) to stationary two phase Stokes equations with discontinuous viscosity. As the underlying finite difference method the discretization in velocity and pressure variables is used on a staggered grid. The resulting algorithm converges with second order in velocity and first in pressure. The iteration count for solving the resulting linear system remains practically constant under grid refinement and is independent of the viscosity contrast.
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Problem Statement
In this paper we solve numerically the stationary two-phase Stokes equations for velocity u = (u, v) and pressure p
Here g is the volume force and f is a singular force acting along the interface Γ separating two fluid phases
We assume Ω to be a rectangular domain, if not, an appropriate method for boundary conditions [3] can be used. In addition, the viscosity µ is allowed to be piecewise constant in Ω with values µ i in Ω i , i ∈ {1, 2}. The phase with larger viscosity µ we will call Ω − , the other Ω + . Such choice improves the approximation quality [7, 8] .
Numerical method
A staggered grid based version of EJIIM for the Dirichlet boundary condition case has been derived in [3] . Here we state only the differences necessary for applying the method in the two phase flow situation. The approach of scaling the velocity with viscosity and working withũ = µu instead of u as proposed in [1] has an advantage of allowing the usage of the FFT in the Pressure Equation approach (see [6, 3] ) and it also improves the performance of the method considerably [1] .
Jump conditions
The main technical work when extending EJIIM to new applications is to derive the jump conditions for the unknown functions and their Cartesian derivatives. These need to be expressed in terms of the known problem data and onesided derivatives [8, 7] . A jump [w] for a piecewise continuous function (with a possible discontinuity along the interface Γ) w is defined by
The zeroth order jump in velocity is [u] = 0. The jumps in the first derivatives are derived from the conditions [1, 2]
We write the normal n and the tangent τ to Γ as n = (cos θ, sin θ) =: (c, s) and τ = (−s, c), where θ is the angle between the normal (pointing towards Ω + ) and the x-axis. Exploiting the fact that
w − for some function w, the last two equations of (2) allow to get the first order velocity jumps as solution of the following system:
with abbreviationf 2 := f · τ . When working with the scaled velocityũ = µu, the jumps inũ and its derivatives are given by
Next, the jump in pressure is given by the first equation in (2). For the second order jumps in velocity and the first order jumps in the pressure, the classical EJIIM approach [8, 7, 5] would use the tangential derivatives of the lower order jumps [u] = 0 and (2) together with the Stokes equations (1) themselves. This, however, leads to lengthy analytical calculations, especially in the case of systems [5] . Keeping the three-dimensional applications in mind, we use here a version which is much simpler to implement, namely, [ These jumps are enough to achieve the second order convergence for the velocity component and first order for the pressure [3] .
Once the jump conditions have been derived, the method follows its standard path [7, 8, 4, 5, 3] . The primary variables u and p live at the nodes of the underlying standard rectangular grid. In addition the jump variables are introduced at the points, where the grid lines cut the interface Γ. These new variables allow to write the approximation of the equations (1) as standard central finite differences plus some correction. The necessary additional equations come from discretizing the above derived jump conditions. The resulting linear system is solved by the Schur complement for the jump variables [7, 8, 4, 5, 3] .
Convergence results
We choose Ω = (−2, 2) × (−2, 2) with unit circle as Ω
1 . The algorithm is tested using the following exact solution
To crystallize the two phase situation, we use in our numerical experiments exact Dirichlet boundary conditions along the shifted boundaries of the staggered grid. This is no drawback, as the treatment of the exact conditions is clear, see, for example, [3] for the EJIIM approach. The numerical results are shown in Figure 1 . The expected second order convergence of the velocity is achieved. For the pressure component the observed convergence is even better than first order. The plot (c) shows the number of GMRES iterations to achieve 10 −8 stopping tolerance when solving the Schur complement system for the jump variables. Note that the iteration count remains constant under grid refinement. Also the contrast µ 1 : µ 2 does not essentially influence the runtime. The slight increase between the cases 50 : 0.2 and 500 : 0.2 is caused by the fact that in the analytic construction of the example the right hand side of (1) is changing.
Conclusions
We have shown how EJIIM can be extended to the two phase Stokes equations and presented the necessary jump expressions. Numerical results have confirmed the expected convergence order. The method has low runtimes thanks to viscosity contrast µ 1 /µ 2 and grid refinement independent iteration counts for solving the resulting linear system.
